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Abstract In a field experiment in Florida, USA, 15N-
labeled Ammonium Sulfate was used to compare how
Pinus taeda seedlings take up and use N in the
presence of I. cylindrica and native vegetation using
three treatments: 1) vegetation free 2) native compe-
tition, and 3) I. cylindrica competition. Imperata
cylindrica competition led to smaller pine seedlings
with significantly less N content in the pine foliage
and roots than those in the native treatment. Compe-
tition from I. cylindrica for N contributed to the pine
seedlings taking up a greater percentage of the applied
fertilizer than the seedlings competing with native
vegetation; however, because of their reduced growth
they were less efficient in utilizing the fertilizer N.
The belowground biomass of I. cylindrica on average
was seven times higher than the native species.
Despite its lower N concentration in foliage and
roots, it retained significantly more N per hectare
compared to the native vegetation. While the native
species retained more N aboveground, I. cylindrica
held significantly more belowground, thus invasion
by this grass would lead to a shift of N pools from
above to belowground. The fact that we were able to
account for 81.5% of the applied fertilizer in the I.
cylindrica treatment compared to 62.2% in the native
treatment suggests that I. cylindrica tightly retains
most of the available N on site making it a
particularly good invader.
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Introduction
Alterations in system-level rates of resources supply
has been suggested to be one of the major changes in
ecosystems brought about by biological invasion
(Vitousek 1990). The degree that exotic plant inva-
sions affect resource supply and in particular nutrient
availability depends on how the characteristics of the
invader are different from the native resident species
(Chapin et al. 1996; Ehrenfeld 2003). Often, the traits
that make a particular species invasive have the
greatest impacts on nutrient cycling. Invasive species
that achieve success by utilizing resources not being
taken up by the local species (Elton 1958; Levine and
D’Antonio 1999; Mack et al. 2000) alter nutrient
cycling by capturing untapped nutrients and redis-
tributing them through litter decomposition. Some
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exotics are invasive due to higher photosynthetic rates
and specific leaf area that lead to higher growth rates
(Baruch and Goldstein 1999; McDowell 2002), which
could be driven by increased uptake of nutrients.
Some invasive species maintain a higher nitrogen (N)
concentration in their tissues (Vitousek et al. 1987;
Vitousek and Walker 1989; Witkowski 1991; Ashton
et al. 2005), indicating increased uptake. Increases in
N in plant tissues imply improved litter quality
leading to increased rates of decomposition followed
by more uptake. Invasive species can affect nutrient
availability simply through their litter inputs and can
increase cycling through accelerated rates of decom-
position and uptake (Allison and Vitousek 2004;
Ashton et al. 2005).
Conversion of woodlands to grasslands can have
major implications for nutrient cycling due to changes
in litter type and quality and decompositions rates.
The conversion of Hawaiian woodlands to grasslands
by invasion led to 3.4 times greater N cycling rates
(Mack and D’Antonio 2003). Grass invasions gener-
ally increase frequency and spatial extent of fires
(D’Antonio and Vitousek 1992), which can reduce
nutrient availability through litter loss by burning and
volatilization of nutrient containing compounds. Be-
cause grasses generally have shallow roots, they may
reduce the nutrient availability of the uppermost soil
layers. When they form dense root systems with
significant biomass belowground, they can retain
increased amounts of nutrients, making them unavail-
able to other species. For example, in a study
comparing grasses, Tilman and Wedin (1991) dem-
onstrated that grasses that allocated more carbon to
roots reduced soil N the greatest.
The changes in nutrient cycling caused by exotic
grasses can endanger young tree seedlings in a
regenerating forest. Weed control experiments have
been conducted on many crop tree species throughout
the world, showing that reduction in competing
vegetation promoted the growth of the tree species
(Britt et al. 1990; Cain 1991; Miller et al. 1991; Morris
et al. 1993; Martin and Jokela 2004). Supplementing
nutrients through fertilization can have similar effects
as vegetation control, suggesting that competition
with other vegetation for nutrients plays a major role
in limiting tree growth. Exotic species that are better
competitors for nutrients than natives are more likely
to exert greater competitive pressure on co-occurring
tree species.
An exotic grass species that threatens emerging pine
forests in the southeastern United States is Imperata
cylindrica, a C4 rhizomatous perennial grass introduced
from Asia. Although I. cylindrica can have leaf blades
of up to 1.5 m tall in conditions of good soil moisture
and fertility (Holm et al. 1977), the majority of its
biomass occurs belowground comprising greater than
60% of the total biomass (Sajise 1976). Imperata
cylindrica can reproduce asexually from rhizome frag-
ments as small as 0.1 g (Ayeni and Duke 1985). It is a
prolific seeder, producing as many as 3,000 seeds per
plant (Holm et al. 1977). Whether by seed or by
rhizome, I. cylindrica can invade a variety of ecosys-
tems from xeric uplands to shaded mesic sites (Jose
et al. 2002; Ramsey et al. 2003) regardless of soil con-
ditions, mostly favoring acidic soils (Wilcut et al. 1988;
Collins et al. 2007).
The impact of I. cylindrica invasion on nutrient
cycling and availability in southeastern pine forests,
where it is heavily invading, remains unexplored.
Before invasion, these ecosystems are comprised of a
pine canopy and a diverse understory with a large
variety of graminoids, shrubs, forbs, vines and
legumes. After invasion, the understory becomes
monotypic (Lippincott 2000) and the established
pines struggle to survive (Daneshgar et al. 2008).
Using 15N nitrogen isotope as a tracer, we compared
how I. cylindrica and native vegetation competed for
N, while examining which exerted a greater compet-
itive stress on emerging one-year-old Pinus taeda
seedlings. We hypothesized that: (i) I. cylindrica was
a better competitor than native vegetation for avail-
able N in the soil because it maintained so much
biomass belowground and (ii) P. taeda growth would
be impacted more severely by I. cylindrica than
native vegetation as a result of the higher degree of
belowground competition.
Methods
Site description and experimental design
The study was conducted in 2003 in Santa Rosa
County in Northwest Florida, U.S.A. (30°50’N. 87°
10’W). The region has temperate climate with
moderate winters and hot, humid summers. The mean
temperature for this region in 2003 was 19.4°C with
August being the hottest month (27.3°C) (Fig. 1)
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(NOAA). Total annual precipitation was 192.8 cm
with the wettest month being June (41.8 cm). The
soils on the site were mapped a Lakeland series of a
Typic Quartzipsamments (89% sand, 7.8% silt, and
3.4% clay) and were acidic (pH of 4.8) and had a
mean observed soil temperature of 29°C during the
growing season. The study area became infested with
I. cylindrica when a 17-year-old P. taeda plantation
was harvested the previous year. The following three
treatments were replicated five times using plots that
measured 7.9 m×10.4 m.:
Vegetation free plots were hand weeded weekly in
order to represent the full growth potential of pine
seedlings in the absence of other vegetation.
Native competition Establishment and growth of
native vegetation from natural sources were allowed.
The major native species on site included Smilax
rotundifolia, Smilax aspera, Rubus occidentalis, Ilex
glabra, Andropogon virginicus, Asclepias veriegata,
Carphephorus paniculatus, Ilex vomitoria, and Erech-
tites hierarifolia.
Imperata cylindrica competition Established dense
monocultural patches of I. cylindrica from local seed
or rhizome sources.
A uniform patch of I. cylindrica of about 1 ha in
size was selected for the five I. cylindrica treatment
plots. The vegetation free and native competition
treatment plots were randomly established in an area
20 m away from the advancing front of the I.
cylindrica patch. The 20 m buffer zone was consid-
ered appropriate since I. cylindrica spread had been
estimated to be about 2 m per year at this site (Collins
et al. 2007). All treatment plots had a 3 m buffer
around them. Because of the close proximity of the
plots (all were within an area approximately 2 ha), the
soil conditions were assumed uniform before install-
ment of the treatments. In each plot, 32 1-year-old
bareroot P. taeda seedlings, purchased from a com-
mercial nursery and graded for uniform size, were
planted on March 6th in four rows with spacing of
approximately 1 m×2 m, corresponding to 3,900
trees/ha.
15N fertilizer application
In order to trace the movement of N in the three
treatments, four P. taeda seedlings were randomly
selected from each plot (totaling 60 trees for the study)
and fertilized on 27 May, 2003 with 5% 15N enriched
Ammonium Sulfate in a 1 m2 microplot around each
seedlings at a rate equivalent to 55 kg of N per ha.
Sampling methods
Data collection began in May 2003 and continued
through the end of December when pine seedlings were
harvested. Monthly percent vegetation cover was
assessed of each plot by placing a quadrat (1 m2)
randomly in four locations within each plot and
estimating the percentage of the area that was covered
by vegetation. The four quadrats were averaged each
moth to determine the mean percentage vegetative
cover for each plot. Above and below ground biomass
of the competing vegetation was collected monthly
(June 2003 to October 2003) from each plot. Above-
ground I. cylindrica and native vegetation was clipped
at ground level from two quadrats (0.5 m2). Live and
dead foliage was separated and all samples were dried
at 65°C for 72 h and weighed. The aboveground
biomass of the two quadrats were averaged and then
scaled up to the size of the plot. Below ground biomass
was collected using soil augers from the same plots
used for aboveground biomass harvesting. Three soil
cores were taken within each quadrat up to a depth of
18 cm. Roots and rhizomes were washed, dried at 65°C
for 72 h and weighed.
In December 2003, the 15N-fertilized P. taeda
seedlings were harvested. All competing vegetation,
Fig. 1 Summary of mean monthly temperature (bars) and total
monthly precipitation (line) for the study site in 2003
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surrounding the seedlings within the enriched area
was harvested as well. The foliage, stems and roots
were separated for all harvested species and were
dried at 65°C for 72 h. All dried plant tissues were
ground using a Wiley Mill to pass through a 1 mm
screen. Cross-contamination of the 15N plant material
was prevented by thoroughly cleaning the grinder
between each sample with a vacuum and ethanol.
On the same days the pine seedlings were
harvested, four soil cores up to a depth of 90 cm
were extracted from each 15N micro-plot using a soil
auger, with a 3.5 cm diameter. The cores were divided
into 30 cm increments to give three soil depths. Soil
samples were air-dried and subsamples were fine-
ground with a mortar and pestle.
Total N, 15N concentration and atom % (number
of atoms of N in 100 atoms) of plant materials and
soil were determined on an Isotope Ratio Mass
Spectrometer (UC Davis Stable Isotope Laboratory).
We calculated %N derived from fertilizer (%NDF),
%utilization of fertilizer N (%UFN), and %N
recovery in soil (%RFNsoil) using the data as follows
(Wienhold et al. 1995; Allen et al. 2004).
NDF ð%Þ ¼ 100  a bð Þ= c dð Þ;
where a = atom % 15N abundance in P. taeda/I.
cylindrica/native vegetation plant parts
b = atom % 15N abundance in control P. taeda/I.
cylindrica/native vegetation plant parts;
c = atom % 15N abundance of fertilizer applied;
and
d = natural atom % 15N abundance.
UFN %ð Þ ¼ %NDF  Sð Þ=R;
where %NDF = percentage of plant N derived from
fertilizer;
S = kg N ha−1 in P. taeda/I. cylindrica/native
vegetation plant parts; and
R = kg N ha−1 applied.





where a = atom % 15N abundance in fertilized soil;
b = atom % 15N abundance in labeled fertilizer;
c = atom % 15N abundance in non-fertilized soil
(average background level);
Np = total N of soil sample (in g); and
Nf = total amount of
15N applied to the soil as
labeled fertilizer (g).
Statistical analyses
One-way analysis of variance (ANOVA) was used to
detect treatment differences with the PROC GLM
procedure (SAS Institute, Cary, NC 1999). Differ-
ences were declared significant at α<0.05. Levene’s
test for homogeneity among variances was used to
determine which pairwise post hoc comparison
method to use. For homogenous variances, Duncan’s
post hoc test was used; for heterogeneous variances,
Dunnett’s T3 test (Dunnett 1980) was used.
Results
The total biomass of the vegetation competing with
the pine seedlings peaked in September (Table 1). The
aboveground biomass of the native species and I.
cylindrica were not significantly different throughout
Table 1 Summary of competing vegetation means (standard error of mean(SE)) for the native and I. cylindrica treatments
June July August Sept. Overall mean
I. cylindrica aboveground biomass (g/m2) 208.0(16.8) 194.9(17.8) 185.8(24.1) 369.9(46.7) 239.7(21.5)
Native aboveground biomass (g/m2) 152.3(18.0) 226.2(23.2) 253.2(19.7) 307.7(78.4) 234.8(21.9)
P value 0.0533 0.3167 0.0623 0.5145 0.8790
I. cylindrica belowground biomass (g/m2) 902.0(99.9) 595.4(128.6) 927.9(149.4) 2043.7(78.4) 1117.3(94.3)
Native belowground biomass (g/m2) 127.8(30.3) 42.6(13.4) 177.0(24.1) 223.6(37.0) 143.7(17.2)
P value <0.0001* 0.0027* 0.0011* <0.0001* <0.0001*
I. cylindrica % cover 91.3(4.6) 97.2(1.0) 96.5(0.9) 96.4(1.1) 95.4(1.2)
Native % cover 70.1(3.2) 80.9(4.3) 88.7(3.6) 87.7(3.3) 81.9(1.8)
P value 0.0006* 0.0007* 0.0457* 0.0176* <0.0001*
Means were considered significantly different at α=0.05 level (marked with asterisk)
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the summer, but the I. cylindrica mean belowground
biomass was at least 5 times greater than the native
mean belowground biomass each month. Imperata
cylindrica maintained significantly greater percent
cover than the native species each month with its
greatest cover being in July, while native cover
peaked in August.
After one full growing season, the pine seedlings
growing in the absence of competition had a mean total
dry biomass of 90.4+9.5 g, which was significantly
greater (p<0.0001) than what was observed in the
other two treatments. The pine seedlings growing in I.
cylindrica grew only to 11% of their potential after one
growing season (10.4+1.0 g), which was 54% of the
biomass that was observed for the pine seedlings
growing amongst native species (19.3+3.7 g).
The pine seedlings grown in I. cylindrica had the
lowest amount of nitrogen in their biomass, particu-
larly in the foliage and roots (p<0.0001) (Fig. 2),
which led to the least amount of N stored per hectare
(Table 2). The pine seedlings grown in absence of
competition had the greatest nitrogen in its tissues
leading to the most N storage per hectare. The amount
of N was greater in the native species than I.
cylindrica both above and belowground (p<0.001)
(Fig. 2). On an ecosystem scale, native species stored
2.4 times the amount of N per hectare than I.
cylindrica in foliage (Table 2). However, the reverse
was observed belowground; Imperata cylindrica had
stored more than twice the N belowground than that
of native species.
The pine seedlings grown in I. cylindrica had more
nitrogen derived from fertilizer (%NDF) than the pine
seedlings grown in the other two treatments (Table 3),
but was least efficient in utilizing the fertilizer N (%
UFN; Table 4). The pine seedlings grown in the
absence of competition were the most efficient in
utilizing the fertilizer that was taken up. The %NDF
of I. cylindrica roots was more than three times that of
native species roots, while the %NDF of its foliage
was more than twice that of the native foliage
(Table 3). The native species and I. cylindrica utilized
the fertilizer N in their foliage equally, but I.
cylindrica was much more efficient in utilizing the
fertilizer belowground than native species (Table 4).
The percent recovery of 15N in the soil (RFN) at
the end of the growing season was significantly less
in the vegetation free treatment than the other treat-
ments at depths of 0–30 cm (8.2%; p=0.0037) and
30–60 cm (1.4%; p=0.0032), but not at depths
beyond 60 cm (Fig. 3). The 15N in the soil never
differed at any depth between the native and I.
cylindrica competition treatments. Using the treat-
ment means of the N derived from fertilizer in pines
and competing vegetation as well as the 15N recov-
ered from the soil, an estimate was made of the total
percentage of applied fertilizer that was accounted for
in the vegetation and soil. Approximately 81.5% of
Fig. 2 Amount of nitrogen
in tissues (% of total bio-
mass) (standard error of
mean (SE)) of P. taeda
seedlings and competing
vegetation for the three
treatments. Different letters
represent a significant dif-
ference in % nitrogen. For
all five comparisons
p<0.0001
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the applied fertilizer N was accounted for in the I.
cylindrica competition treatment, while 62.2% and
24.7% were accounted for in the native competition
and vegetation free treatments, respectively (Fig. 4).
After invasion by I. cylindrica, the percentage of
total belowground N on site increased from 37 to
76%. However, with native species, 61% of the total
N occurred aboveground in the foliage, which
dropped to 23% after invasion of I. cylindrica
(Fig. 5).
Discussion
Imperata cylindrica reduced the growth of the young
pine seedlings more than native competition, which
was likely due to the reduced levels of N in the
foliage and roots that resulted from I. cylindrica
competition. With reduced N in its tissues, the pine
seedlings growing with I. cylindrica competition will
have reduced amounts of N containing enzymes such
as Rubisco, which is needed for photosynthesis. In a
companion study Daneshgar et al. (2008) observed
lower levels of light saturated net photosynthesis in
pine seedlings growing with I. cylindrica compared to
pine seedlings growing in native vegetation. They
speculated the possibility of lower levels of foliar N in
pine seedlings due to intense competition from I.
cylindrica. The findings from this study confirm
severe interspecific competition for nitrogen between
pine seedlings and I cylindrica.
The results suggest that I. cylindrica is more
competitive for N than native species, which explains
why I. cylindrica was more productive than native
species in biomass accumulation. Analysis of the N
content of I. cylindrica above and belowground
revealed, however, that I. cylindrica had less than
half the N concentration of native species in both
foliage and roots. This is reconciled by the fact that I.
cylindrica has so much biomass belowground. Even
though the N concentration of the belowground
tissues is less than native species, the fact that there
is significantly greater amount of I. cylindrica
biomass belowground permits for more N stored
belowground. In a study, comparing five grasses
growing along a N gradient, Tilman and Wedin
(1991) showed that the two grasses, Andropogon
gerardi and Schizachyrium scoparium, that reduced
soil solution N the greatest had lower tissue N. These
two species also had higher root allocation (Tilman
and Wedin 1991) similar to the way I. cylindrica
allocated biomass belowground.
The low levels of N concentration in I. cylindrica
compared to native species suggest that I. cylindrica
may be productive at lower levels of soil N.
Requiring less N to function gives I. cylindrica an
advantage over its competitors that need greater
levels of N to be successful. This differs from most
Table 3 Mean percentage of N derived from fertilizer (%NDF) (SE) for pine biomass, competing vegetation foliage and roots
Treatment Pine biomass Competing foliage Competing roots/rhizomes
Vegetation free 5.78(0.80)
Native competition 7.95(1.61) 6.8(1.89)b 3.9(0.69)b
I. cylindrica competition 9.38(0.71) 14.7(1.18)a 13.2(1.17)a
p-value 0.1127 0.0016 <0.0001
Different letters represent significantly different means among treatments at α=0.05 level
Table 2 Mean nitrogen content (kg/ha) (SE) in pine biomass, competing vegetation foliage and roots
Treatment Pine biomass Competing foliage Competing roots/rhizomes
Vegetation free 3.28(0.27)a
Native competition 0.76(0.17)b 24.35(3.39)a 14.74(1.45)b
I. cylindrica competition 0.31(0.03)c 10.14(0.28)b 32.95(2.23)a
p-value <0.0001 <0.0001 <0.0001
Different letters represent significantly different means among treatments at α=0.05 level
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invasive species, which maintain higher concentra-
tions of N in their tissues leading to higher litter
quality and decomposition rates (Vitousek and
Walker 1989; Ehrenfeld 2001; Allison and Vitousek
2004; Ashton et al. 2005). Increased decomposition
rates act as a feedback mechanism for promoting the
growth of an invasive species and it is the rapid
cycling of nutrients that favors an invasive species’
success. For example, in Hawaiian montane forests,
Hedychium gardnerianum tightly cycles N by
resorbing high N from its own senesced leaves
(Funk 2005). At our study site, a majority of the N
belowground that occurred prior to fertilization,
must had been tightly retained in the underground
network of the exotic rhizome in a rapid cycle of
root/rhizome turnover and uptake. Despite the fact
that N is retained belowground by I. cylindrica, it
does not seem to be available to other species.
Controlling movement and availability of N below-
ground may be a primary mechanism by which I.
cylindrica maintains dominance after establishment.
Greater amount of fertilizer N was found in I.
cylindrica, both above and belowground, than in
native species implying that I. cylidnrica was more
aggressive in taking up N. It was also using the
ammonium sulfate more efficiently than the native
species, particularly in the roots suggesting that I.
cylindrica maintains tight control of N cycling in
infested communities. With I. cylindrica capable of
taking up and holding most of available N, it becomes
necessary for competing species to acquire N from
pulses of N compounds such as the fertilizer. The
native N in the soil was probably already taken up by
I. cylindrica making the soil N poor. This explains
why the pine seedlings growing in I. cylindrica had
the highest percentage of N derived from the fertilizer
among the three treatments. Pine seedlings with
native species competition were able to take up a
greater proportion of their total N from the soil before
the fertilization was applied. With increases in
competitive stress by I. cylindrica, came reduction
in pine seedling growth and fertilizer use efficiency,
which has been observed in crops such as cotton
(Allen et al. 2004) and maize (Jose et al. 2000b;
Wienhold et al. 1995) under competitive stress.
When trying to account for all of the applied
ammonium sulfate, the greatest amount of 15N was
accounted for in the I. cylindrica treatment (81.5%),
which suggests that less N is lost in a system
containing the invasive grass. Imperata cylindrica
helps retain more N in a system even if it is held in its
own biomass. The least amount of fertilizer N was
accounted for in the Vegetation Free treatment (25%).
It is probable that much of it was leached particularly
when there were no plants other than the pine
seedlings to take it up. In I. cylindrica invaded plots
little N was lost suggesting tight retention of N
belowground, where I. cylindrica maintains much
more N per hectare than native species. While the
proportion of N stored aboveground decreased with I.
cylindrica invasion (61% to 23%), a corresponding
Fig. 3 Percentage of 15N recovery in soil at end of growing
season in the vegetation free (no competition) (triangles), native
competition (squares), I. cylindrica competition (diamonds)
treatments
Table 4 Mean percentage utilization of fertilizer N (% UFN) (SE) for pine biomass, competing vegetation foliage and roots
Treatment Pine biomass Competing foliage Competing roots/rhizomes
Vegetation free 0.088(0.008)a
Native competition 0.033(0.004)b 2.7(0.9) 0.99(0.11)b
I. cylindrica competition 0.022(0.001)c 2.7(0.23) 7.68(0.68)a
p-value <0.0001 0.986 <0.0001
Different letters represent significantly different means among treatments at α=0.05 level
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increase was observed in belowground N (37% to
76%). Thus, the invasion of I. cylindrica into an
emerging pine forest could shift the understory N
storage from above to belowground (Fig. 5).
There are several consequences of I. cylindrica
invasion on the resources belowground of an emerging
pine forest. Our work shows that the availability of N
to other plants is altered, which is in agreement with
Collins and Jose (2008) who observed that I. cylindrica
decreased soil nitrate nitrogen. The availability of other
nutrients has also been shown to change with I.
cylindrica invasion. Collins and Jose (2008) showed
that I. cylindrica decreased soil potassium levels in
invaded pine flatwoods, while Brewer and Cralle
(2003) demonstrated that I. cylindrica was more
competitive for phosphorus than native pine-savanna
species in the southeastern United States. The changes
in the soil brought about by I. cylindrica invasion are
not limited to resource availability. Imperata cylindrica
invasion has been observed to add allelochemicals
(Casini et al. 1998) and decrease soil pH (Collins and
Jose 2008). Ehrenfeld (2003) suggested that changes in
nutrient cycling associated with plant introductions






2% (0.8 kg N/ha)
Imperata cylindrica
76%
 (32.9 kg N/ha)
 23% 
(14.7 kg N/ha)
1% (0.3 kg N/ha)
Fig. 5 Percent of total nitrogen occurring in a young emerging pine forest before and after invasion by I. cylindrica; Nitrogen in P.
taeda seedlings in white, competing vegetation foliage in black and competing vegetation roots/rhizomes in grey
Fig. 4 Percent total of N
recovered at the end of
study for the three treat-
ments
216 Plant Soil (2009) 320:209–218
soil physical and microbiological properties. The
changes in soil brought about by I. cylindrica invasion
can have major implications to the diversity of pine
forest understories. With changes in soil physical and
chemical properties, native species may not be able to
persist. For example, Lippincott (2000) observed that
pine sandhill communities invaded by I. cylindrica had
extremely low species diversity and richness.
The shift in N pools resulting from invasion has
implications for the role fire plays on N availability. In
the southeastern United States, several Pinus species are
fire tolerant. The fires that occur in these ecosystems
are generally fast moving surface fires of low intensity
due to the native understory species that burn quickly
and at heights that do not threaten the pine canopy. On
a non-invaded site, the large percentage of N occurring
aboveground could be returned to the soil following
fire. The understory species that recover quickly
following fire could take up most of this N from the
soil. Imperata cylindrica invasion represents signifi-
cant changes in location of biomass and N, thus
burning the aboveground foliage would have little
effect on the amount of total N in the ecosystem. The
N returned to the soil by burning the aboveground
foliage would be significantly lower in an I. cylindrica
invaded ecosystem compared to non-invaded ecosys-
tems. Mack et al. (2001) found that burning had little
effect on the total ecosystem N of Hawaiian woodlands
because >95% of the ecosystem N occurred in the soil
and only high-intensity burns would result in signifi-
cant loss of N from the soil pool. There have been
suggestions that I. cylindrica will burn at greater
intensity with higher maximum temperatures and
heights than native species (Lippincott 2000), but there
is no evidence to suggest that an intense burn would
lead to release of N that is stored belowground.
Imperata cylindrica invasion of an emerging pine
forest may once again be an example of a grass
converting a woodland with high understory diversity
into a grassland with low diversity. However, unlike
other examples where fire is the major driver of this
change (Mack and D’Antonio 2003), I. cylindrica
presents a case where its ability to deprive compet-
itors of N may lead to the conversion of an ecosystem
to a novel type. As evidenced by our study, the pine
seedlings that represent the future canopy may also
suffer from competition for N by I. cylindrica. In a
companion study Daneshgar et al. (2008) have shown
that pine seedling survival could be reduced as much
as 50% in I. cylindrica infested stands compared to
native understory species. With fewer canopy species
and decreased understory diversity, the change of pine
forests to I. cylindrica dominant savannas seems
probable.
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